Abstract
Introduction
Centella asiatica (L.) Urban, also known as 'gotu kola' or 'Indian pennywort', is a tropical medicinal plant with a long history of therapeutic use, particularly in dermal disorders, venous insufficiency and microangiopathy. Reports from various places have revealed that C. asiatica has been used for wound healing (Shukla et al. 1999) , memory improvement, bronchitis, asthma, dysentery, leucorrhoea, kidney trouble, anti-allergic and anticancer purposes, curing leucorrhoea and toxic fever (Kan 1986 ). Clinical trials have also shown that it can help those with chronic venous insufficiency (Brinkhaus et al. 2000) . Centella asiatica mainly contains asiatic acid, madecassic acid, terminolic acid, vanillic acid, succinic acid, asiaticoside, asiaticoside-B, madecassoside, asiaticodiglycoside. The main active components of the plant are believed to be triterpenoids. Several studies have revealed the triterpenoid derivatives of Centella asiatica using different techniques (Diallo et al. 1991; Du et al. 2004) . A HPLC method was set for quantitative determination of six triterpenes in Centella asiatica extracts and commercial products by Schaneberg et al. (2003) . Recently, Devkota et al. (2010) 
COLLECTION AND ANALYSIS OF SOIL SAMPLES
Soil samples (n = 10), from each habitat, was collected from the root zone at the time of collection of plant samples. Then, samples were air dried and used for analysis. Soil organic carbon was determined by the Walkley Black rapid titration method and total N by micro-Kjeldahl method (Jackson 1958) .
CHEMICALS AND REAGENTS
HPLC grade acetonitrile, methanol and formic acid were purchased from Carlo Erba Italy. HPLC grade water was prepared by filtering nanopure water through a 45 μm membrane filter (MilliQ).
REFERENCE SAMPLE
Asiaticoside, kaempferol, quercetin, rosmarinic and chicoric acids were purchased from Phytolab GmbH, Germany.
Chlorogenic acid was purchased from Sigma Aldrich. Quercetin 3-O-glucuronide was purified from the extracts of C. asiatica as described by Satake et al. (2007) .
PLANT SAMPLE PREPARATION
Approximately 100 mg of ground plant material (whole plant parts) was placed into a 15 ml falcon tube (screw capped polypropylene centrifuge tube) and extracted three times with 5.0 ml of methanol by sonication. The extract was centrifuged 5 minute in 3000 rpm and the supernatants were combined to a 25 ml volumetric flask by pipette, diluted to final volume with methanol and mixed thoroughly. All samples were filtered through a 0.45 μPTFE syringe filter before the injection in HPLC. Table 1 .
Calibration curves were obtained by preparing standard solutions, as listed in Table 2 . Asiaticoside and asiatic acid were determined with the ELSD detector. Chlorogenic, chicoric and rosmarinic acids were determined with the DAD at 330 nm, and at 350 nm for kaempferol, quercetin and quercetin 3-O-glucuronide. HPLC chromatogram of the standard compounds is reported in Fig. 1 .
DATA ANALYSIS
The data were analyzed to assess the difference in measured attributes among the habitats by one way analysis of variance (ANOVA) and the Duncan's homogeneity test using Statistical Package for Social Science, version 11.5 (SPSS 2002) .
Results
HPLC analysis revealed marked variability in the analyzed bioactive components among the samples collected from different habitats (Table 3) in open agricultural land (Table 3 ). The content of chicoric acid, chlorogenic acid and quercetin did not differ significantly among the habitats.
There was significant difference in nutrients in soil collected from different habitat (Table 4) (Table 4) . Nutrient stress generally reduces growth more than it reduces photosynthesis per second (McKey 1979) and thus, it has been argued that the expected surplus of carbon can lead to an accumulation of carbon-based secondary substances under such circumstances (Bryant et al. 1983) . This might be the reason for having low amount of secondary metabolites in shady grassland with relatively high soil nutrient contents.
Significant difference in contents of active constituent have been observed in samples of C. asiatica originating from different countries, such as India and Madagascar (Das and Mallick 1991; Rouillard-Guellec et al. 1997) . Comparative study by Das and Mallick (1991) , in 10 ecotypes of Centella asiatica from different regions of India, showed a correlation between genomic diversity and asiaticoside content. In present study, mean asiaticoside content in samples of Centella asiatica was 1.68% (dw). It has been shown that leaves of C.
asiatica from Nepal contain 4 to 10 time's higher concentration of asiaticoside than those from India (Rouillard-Guellec et al.
1997
). Low quantity of asiatic acid and chicoric acids were recorded in all analyzed samples (Table 3) . Foo and Porter (1980) climate and soil condition, the method of extraction could also be a contributing factor for the diverse compounds in C. asiatica from various locations (Booncong 1989) .
Conclusion
Different habitats have significant effect on accumulation of active phytochemicals in C. asiatica. Open land is preferable for plantation of this species for high yield of secondary metabolites, especially the marker compound (asiaticoside). 
